Background and aim: Double-balloon enteroscopy (DBE) and single-balloon enteroscopy (SBE) are new techniques capable of providing deep enteroscopy. Results of individual studies comparing these techniques have not been able to identify a superior strategy. Our aim was to systematically pool all available studies to compare the efficacy and safety of DBE with SBE for evaluation of the small bowel. Methods: Databases were searched, including PubMed, Embase, and the Cochrane Central Register of Controlled Trials. The main outcome measures were complete small-bowel visualization, diagnostic yield, therapeutic yield, and complication rate. Statistical analysis was performed using Review Manager (RevMan version 5.2). Meta-analysis was performed using fixed-effect or random-effect methods, depending on the absence or presence of significant heterogeneity. We used the v
Introduction
Until recently, the small bowel was considered to be inaccessible using conventional endoscopy techniques. In 2001, Yamamoto et al. introduced the double-balloon enteroscopy (DBE) system to examine the small bowel [1] . DBE provides deep enteroscopy by employing a flexible overtube and two balloons, one on the tip of the endoscope and one on the overtube. The technique of alternating push-and-pull maneuvers allows the small bowel to thread on to the overtube, and the endoscope can accomplish both diagnostic and therapeutic functions during the same procedure [2] [3] [4] ; however, DBE is found to have some technical issues, including complex, cumbersome preparation and handling. In 2008, a novel, simplified system of single-balloon enteroscopy (SBE) was introduced, using one instead of two balloons [5, 6] . Instead of the endoscope tip balloon in DBE, SBE involves angling the endoscope tip or power suction to achieve stable positioning in the small bowel. It has been suggested that SBE requires less preparation and examination time; however, there are concerns that it may also be less efficient than DBE for deep intubation of the small bowel. To date, several studies have compared the performance of these two techniques; however, the results of individual comparative studies have not identified a dominant strategy. We propose that systematically pooling all available studies may provide a better understanding of the performance of these procedures. The objective of our study was to perform a systematic review and meta-analysis to assess the efficacy and safety of DBE and SBE for evaluation of the small bowel. conducted. Keywords-including small bowel enteroscopy, deep enteroscopy, single-balloon enteroscopy and double-balloon enteroscopy-were used to identify the relevant articles. We also manually searched the abstracts from major gastroenterology conferences, i.e. the Digestive Disease Week and the American College of Gastroenterology conference (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) .
Materials and methods

Search strategy
Selection of Studies
One author, Vaibhav Wadhwa (VW) inspected all abstracts of studies identified as above, to determine potentially relevant reports. In addition-and to ensure reliability-Mandeep S. Sawhney (MSS) inspected 100% all of the identified abstracts.
Where disagreement existed as to the potential relevance of a particular report, we resolved this through discussion. Where doubt persisted, we retrieved the full text of the report for examination. We retrieved the full text of all those reports judged to be potentially relevant for further assessment, after which VW and MSS in turn inspected them and independently decided whether or not they met the inclusion criteria.
PRISMA flow diagram
We included a flow diagram to illustrate the results of searches of each databases, conference proceedings, the process of screening and selecting studies for inclusion in the review in agreement with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines for search and reporting processes. Our search included articles published since 1990, to include contemporary information, and was open to all research designs in order for the search to be comprehensive.
Inclusion and exclusion criteria
Only randomized, controlled trials (RCTs) in adult patients aged 18 years or older who underwent small bowel enteroscopy, published as full articles or meeting abstracts in peer-reviewed journals, were considered. The selection criteria were (i) studies that examined the efficacy and safety of SBE and DBE, and (ii) data not duplicated in another manuscript. Inclusion was not otherwise restricted by study size or language. All studies that compared either technique with capsule endoscopy, push enteroscopy, spiral enteroscopy, or other technology were excluded.
Data extraction
Data were independently abstracted on to a specifically designed form by two reviewers, VW and MSS. The following data were collected from each study: study design, year of publication, country of the population studied, primary outcome reported, type of small bowel enteroscopy, total number of persons in each group (SBE vs. DBE), and single-center or multicenter trial. Agreement between investigators was excellent (kappa ¼ 0.93). When incomplete information was available, attempts were made to contact the corresponding authors of the studies for additional information.
Outcomes assessed
The outcome measures were completed small bowel visualization, diagnostic yield, therapeutic yield, and complication rate.
Assessment of risk of bias in included studies
To understand the risk of bias in individual studies, a formal quality assessment of studies was performed. The methodological quality of the RCTs was independently assessed by two authors (SS and MSS) using the scale validated by Jadad et al. [7] and scored from 0 to 5, viz. randomization (0-2 points), blinding (0-2 points), and full accounting of all patients (0-1 point); a higher score indicated better quality. Two authors also independently assessed the methodological quality of each included study, using the Cochrane Collaboration's 'Risk of Bias' tool [8] . The study features we assessed were the following: random sequence generation, allocation concealment, blinding of participants and investigators, blinding of outcome assessment, incomplete outcome data, selective reporting and 'other bias'.
We recorded each of these factors as 'low risk', 'high risk' or 'unclear risk', with a brief overview provided in table format. If 'unclear', we attempted to seek clarification from the trial authors. After this process, we gave each paper an overall quality assessment grade of low, high or unclear risk of bias. We used the principles of the grading of recommendations assessment, development and evaluation (GRADE) system to assess the quality of the body of evidence associated with specific outcomes and constructed a Summary of Findings (SoF) table.
Statistical analysis
Statistical analysis was performed using Review Manager (RevMan version 5.2), the Cochrane Collaboration's software for preparing and maintaining Cochrane systematic reviews. Metaanalysis was performed using fixed-effect or random-effect methods, depending on the absence or presence of significant heterogeneity. We used the v 2 and I 2 test to assess heterogeneity between trials. A P < 0.05 or I 2 > 50% was defined as significant heterogeneity. Potential publication bias was examined by funnel plot. Results were expressed as risk ratios (RR) or mean differences (MD) with 95% confidence intervals (CI). A P < 0.05 was considered statistically significant.
Results
Literature search Figure 1 shows the process of study selection. Of the 128 individual studies identified using our search criteria, four fulfilled our inclusion criteria and were included in the meta-analysis. Finally, four randomized, controlled trials, covering a total of 387 patients (186 having had SBE, 201 having had DBE) fulfilled our inclusion criteria [9] [10] [11] [12] . Of these, one trial was from Japan [12] , one from Australia [10] , and two were from Germany [9, 11] . All eligible articles were reported in the form of full-text articles.
Study characteristics
The characteristics of the four included studies are summarized in Table 1 . The indications for SBE and DBE in these trials were suspected small bowel diseases. All were randomized, controlled trials. Quality assessment revealed two included studies with a Jadad score of 4, while the other two scored 3. All four trials therefore had a Jadad score of 3 or more, indicating good study design or high quality of report. The differences in small bowel findings between SBE and DBE in each study are shown in Table 2 .
Completed enteroscopy rate
The rate of completed small bowel enteroscopy was measured in all four studies. The random effects meta-analysis of the rate of completed small bowel enteroscopy had a heterogeneity v 2 value of 3.0 (P ¼ 0.22) and I 2 of 33%, demonstrating evidence of statistical heterogeneity within this group of clinical trials. We found that DBE was superior to SBE in terms of its the ability to visualize the entire small bowel [pooled RR ¼ 0.37 (95% CI: 0.19-0.73; P ¼ 0.004)] (Figure 2 ).
Diagnostic yield
The diagnostic yield was measured in all four studies. The details of the findings are included in Figure 3 ).
Therapeutic yield
The therapeutic yield was measured in all four studies. The findings of three favored DBE; the difference was statistically significant in the study by May et al. [11] but not in the trials by Domagk et al. [9] and Takano et al. [12] . The findings by Efthymiou et al. favored SBE but they were not statistically significant [10] . On pooling the data, there was no significant difference between DBE and SBE in their ability to provide endoscopic therapy [pooled RR ¼ 0.78 (95% CI: 0.59-1.04; P ¼ 0.09)]. The v 2 was 3.18 (P ¼ 0.37) and I 2 was 6%, which indicated no significant heterogeneity between the studies with regard to therapeutic yield (Figure 4 ).
Complication rate
The complication rate was measured in all four studies, and none reported severe adverse events, such as perforation, bleeding or pancreatitis. In the May et al. trial, three patients (one in the DBE group and two in the SBE group) developed severe abdominal pain following the procedure, and one patient in the DBE group had a brief transient intra-procedure desaturation that did not require intubation or cessation of the procedure [11] . In the trial by Takano et al., one patient in the DBE group developed Mallory-Weiss syndrome, and one patient in the SBE group developed hyperamylasemia [12] . In the trial by Efthymiou et al., there were two cases of post-procedural abdominal pain, one with SBE and one with DBE. In both cases, the pain was self-limiting and probably secondary to air retention [10] . The differences in complication rates were not significant in any of the studies. The meta-analysis also demonstrated that there was no significant difference between DBE and SBE with regard to complication rate [pooled RR ¼ 1.08 (95% CI: 0.28-4.22; P ¼ 0.91)]. The v 2 was 0.02 (P ¼ 0.99) and I 2 was 0%, which indicated no significant heterogeneity between the studies with regard to complication rate ( Figure 5 ).
Set-up time
The set-up time needed for preparation of the enteroscope for SBE and DBE was evaluated in two of the four studies. In both, it was shown that the set-up time using the single-balloon technique was significantly shorter than with the double-balloon [3 min (3-5 min) for SBE vs. 11 min (11-13 min) for DBE; 6 6 2 min for SBE vs. 10 6 3 min for DBE] [10, 11] . Since Efthymiou et al. did not report standard deviation for set-up time [10] , pooled analysis of these two studies was not possible.
Publication bias
A funnel plot analysis was conducted. The graphical funnel plot of the four studies appeared to be symmetrical, which means that publication bias is unlikely in this meta-analysis ( Figure 6 ). 
Discussion
This study is the first meta-analysis performed to assess the efficacy and safety of single-balloon enteroscopy as compared with double-balloon enteroscopy. By summarizing the current best evidence from prospective, randomized, controlled trials, this analysis revealed that, in terms of complete small bowel visualization, there are statistically significant benefits from double-balloon enteroscopy when compared with single-balloon enteroscopy; however, DBE and SBE were similar with regard to diagnostic yield, therapeutic yield and complication rate. Our study showed that DBE had a higher total enteroscopy rate than SBE. This is probably related to the technical differences between DBE and SBE. The balloon on the endoscope tip in DBE provides improved grip on the small bowel compared with the angled tip or suction used in SBE, and is likely to provide a longer insertion depth and therefore higher total enteroscopy rate. Insertion depth itself is only an estimation using the published technique for DBE [4] , and is even more difficult to estimate the insertion depth in SBE because of the technical difference. An additional consideration is the shorter experience with SBE than with DBE, as it is a newer technique for deep enteroscopy. In fact, Takano et al. mention in their study that they had more experience with DBE than with SBE [12] . When they started their study, they had performed 248 DBEs and 10 SBEs. Similarly, in the study by May et al., all procedures were performed by investigators experienced in DBE, each of whom had previously conducted at least 50 DBE procedures [11] ; however, training in the SBE technique had been provided for only 2 months beforehand. Even in the study by Domagk et al., where the endoscopists were more experienced in the SBE technique, and each trial center had performed over 50 SBE procedures before commencement of the study, they acknowledged that the endoscopists were more experienced in DBE [9] . As the technique for SBE is both newer and quite different from that of DBE, some difference may be due to the 'learning curve' of SBE, which might be comparable to the earlier reported learning curve of the DBE technique.
DBE and SBE showed no difference in diagnostic and therapeutic yield in this meta-analysis. This could be explained if the majority of the pathological findings were in the proximal small bowel, such that the anal approach would not add to the diagnostic rate. While the specific findings were described in each included study, the locations of these findings were not provided, so we are unable to assess whether this explains the similar diagnostic yields of DBE and SBE. Whether total enteroscopy rates have clinical impact remains controversial, because the majority of the pathological findings are usually located in the proximal small bowel, but the referred studies have not provide the precise locations of the findings and, without this data, we cannot know the precise diagnostic or therapeutic yield.
The most serious complications reported in the literature are perforations, bleeding, and acute pancreatitis [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . In the combined data during our meta-analysis, we found only three complications in each of the SBE and DBE groups, i.e. 3/133 and 3/135, respectively. These complications were minor, in that the DBE group had one patient with Mallory-Weiss syndrome, one patient with post-procedure abdominal pain, and one patient with transient intra-procedure desaturation, while the SBE group had one patient with hyperamylasemia and two patients with post-procedure abdominal pain. No severe complications-including perforation, bleeding, or pancreatitis-were reported in any of these studies for either technique. While these complication rates are lower than those reported in other studies, they do suggest that deep enteroscopy using either SBE or DBE is a safe procedure.
A recent systematic review of various enteroscopy techniques, published by Lenz et al., showed comparable performance (investigation time, oral intubation depth) and diagnostic yield in both enteroscopy systems [23] . These results are similar to what our meta-analysis has shown.
A recently published retrospective analysis done by Lenz et al. compared SBE and DBE over a period of seven years [24] . Just like our results, they also found that both these enteroscopy techniques are safe; however, their results showed a higher diagnostic yield in SBE than in DBE, which was statistically significant. They also found that SBE achieved shorter insertion depths than DBE. This is in contrast to our results, which showed similar efficacy in diagnostic yield and comparable insertion depths using both techniques. As authors pointed out, the reason for higher diagnostic yield from SBE may be due to the more focused selection of patients scheduled for small bowel diagnostics in recent years. The major limitation of this study is that it is a single-center retrospective analysis. Hence, such results should be treated with caution.
One of the four studies used carbon dioxide (CO 2 ) as the insufflation gas during enteroscopy, while the other two studies used air insufflation [9] . In a previous study, Domagk et al.
showed that using CO 2 as the insufflation gas during enteroscopy enabled significantly extended intubation depth during double-balloon enteroscopy [25] . Meanwhile, the effect of CO 2 on insertion depth has not been studied in SBE. Interestingly, however, the completed enteroscopy rate during both SBE and DBE was lower in the study by Domagk et al. than in the study by May et al. [11] , but higher than in the study by Takano et al. [12] . Further studies are needed to compare the effects of CO 2 on the enteroscopy completion rate between SBE and DBE.
Three of the four studies used the DBE system designed by Fujinon and the SBE system designed by Olympus; however, the study from May et al. used a modification of the Fujinon DBE system with one balloon as a proxy for the SBE procedure [11] . Certainly it needs to be born in mind that the differences in scope type (Olympus SBE system and Fujinon system) may influence the insertion depth and the rates of completed enteroscopy achieved, due to differences in technical and material composition. Future studies would be needed to examine this effect as well.
One of the limitations of these findings is that the method for insertion depth estimation with using different dedicated instruments is controversial because some authors used the published technique for DBE in SBE exploration. Additionally, different methods of enteroscopic distance estimation are used in SBE and this might have an impact on the results. Perhaps, in the exploration of the human small bowel, only the visualization of a tattoo by the opposite direction or visualization of the cecum by the oral route are the only available methods for the confirmation of a completed small-bowel enteroscopy. With only the estimated measurement of insertion in cm (in the oral introduction or withdrawal of the instrument) it is very difficult to obtain verifiable data in groups with insufficient experience of deep bowel enteroscopy. Another limitation of our study is that we could not study the effect of CO 2 on insertion depth in SBE. Because of these limitations and small number of studies included in meta-analysis, our conclusions, despite being important and relevant additions to the current literature on deep enteroscopy, are not definitive.
The overall quality of the evidence, as assessed by the GRADE approach, was moderate for the diagnostic yield and total enteroscopies achieved. This indicates that further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change that estimate. The quality of the evidence for complication rate and therapeutic yield was judged to be very low and low, indicating low confidence in this effect estimate (Table 3) . This review has some other limitations. First, this meta-analysis is a study-level-but not an individual patient-level-meta-analysis. Study-level meta-analysis can lead to biased assessments and the use of aggregated summary values brings some limitations in explaining heterogeneity. We also originally planned to analyse the differences in the preparation and examination times of SBE and DBE, assessment of the procedures by patients, and assessment of the procedures by physicians; however, due to the limited number of studies that reported relevant outcomes, and the different methods of reporting these outcomes, we did not find it appropriate to combine these in a meta-analysis. A simple analysis of funnel plots provides a useful test for the probable presence of bias in a metaanalysis, but the capacity to detect bias is limited when a metaanalysis is based on a limited number of small trials, as is the case in our review. Therefore, the results from such a meta-analysis should be treated with caution.
Conclusion
This meta-analysis showed that double-balloon enteroscopy and single-balloon enteroscopy are comparable with regard to diagnostic yield, therapeutic yield and complication rate but the rate of completed enteroscopy was higher with DBE than with SBE. Whether total enteroscopy rates have any clinical impact remains controversial. Based on the results of our study, these two techniques are comparable and can be used interchangeably, depending upon the expertise available at the treatment center. However, the results should be treated with caution in the light of low-to-moderate quality of evidence. There is a need for well-designed RCTs of large sample size to compare these techniques.
